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APPARATUS FOR TREATINO CHONDROMAUCU 
BArKOROl fMp OF THF J]^Vf f..TT^|.. 

Fidd of th.. fnynniffn 

This invcmion relates generaJly .0 a method and apparatus for treating 
chondromalacia, and more panicularly to a method and apparatus that treats 
chondromalacia with mininial disnipuon of the cartilage bed of the knee. 

The normal funaion of joints in humans depends on the distribution of 
relatively large forces across the body surfaces. In diaithrodial joints the 
magnitude of the joint forces reaches levels four to seven times bodv weight: 
These forces applied to joims are dispersed by articular cartilage. Cartilage 
fim^ion occurs via a highly organized extracellular matrix maintaining a fixed 
charge deiBity and possessing a high affinity for water 

' cartilage consists ofan assembly of large and 

proteoglycans. collagens.hyahironicadd.and glycoproteins. Thesematrix 
macromolecules originate from chondrocytes localized in a nonrandom pattern 
through the cartilage matrix, In normal joints, chondrocytes do not proliferate: 
dividing chondrocytes indicate a change in cartitogc homeostasis, either as 
regeneration or attempted repair. 

Chondromalacia occurs whpn cartilage beds in joints become won. and 
strands of cartilage distended away from their respective cartilage beds and 
extend into the joim capsule. The cartilage surfece becomes visibly dismpted. 
fissured and fibrillated. This has deterious effeas on the mechanical properties 
of amcular cartitoge. This distemion has been associated with knee pain. 
Treatment to date has inchided surgical imetveniion. Inone arthroscopic 
procedure, a shaver is introduced through an arthroscope and is used to remove 
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These and other objects of the invention are achieved in a thermal enerev 
delivery apparatus that has a probe means including a distal end and a proximal 
end. A first elearode means is positioned at the distal end of the probe means: 
The first electrode means is configured to deliver sufficient thermal energy to a 
fibrillated cartilage surfece to reduce a level of fibrillation of the fibrillaied 
canilage surface. A cablmg means is coupled to the proximal end of the probe 
means. 

In one embodiment of the invention, an apparatus is configured to be 
positioned adjacent to a fibrillated cartilage joiiit suilkce. A probe means has a 
distal end and a proximal end An insulator means has a first surface and a 
second surface. A first electrode means is positioned on the first surface of the 
insulator. The first electrode means has a first thermal energy delivery surface 
configured to deliver sufficient thermal energy to a plurality of canilage strands 
coupled to the fibrillated canilage joint surface to reduce a level of fibrillation of 
surface. A second electrode means is positioned on the second surface of the 
insulator. A cable means is coupled to the proximal end of the probe means. 

In another embodiment, a method moidifies a geomeuy of a fibrillated 
canilage surface. A thermal energy delivery device is provided and inchades a 
probe means with a distal end and a thermal energy ddivery surface. A thennal 
en^gy source is also provided and coupled to the thermal energy ddivery 
surtace. The thermal energy ddivery surface is positioned adjacent to the 
fibrillated cartilage surface in a non-contacting position. Sufficient thermal 
energy is delivered from the tbennal energy delivery surface to reduce a levd of 
fibrillation of the fibrillated carriiage surface. 

The method and apparatus of the present invention can also be used to 
decrease the levd of irregiilarity of an inr^lar cartilage surface. 

The apparanis of the present invention may also indude a sensor means 
positioned at the distal end of the probe means. A comparator means is provided 
and compares a measured temperature vahie at the sensor means with a 
predetermined temperature vahie. The comparator means generates a disabling 
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Figure 7 is a perspeaive view of the apparatus of the present invention 
including a reaangulariy shaped electrode. 

Figure S illustrates a perspective view of the apparatus of the present 
invention with electrodes formed on peripheral faces of the insulator. 

Figure 9 is a cross-sectional view of the apparatus of Figure 8 taken 
along the lines 9-9. 

Figure 1 0 is a perspective view of an electrode used with the apparatus of 
the present invention that is formed at a peripheral surface of the insulator and 
defines an interior non-conducting r^pn. 

Figure 1 1 is a perspective view of a toroidal electrode used with the 
apparatus of the present invention and defines an interior non-conducting rejion. 

Figure 12 is a perspeaive view of a non-circular toroidal electrode used 
with the apparatus of the present invention and defines an interior non- 
conducting region. 

Figure 13 is a perspective view of a scented electrode used with the 
apparanjs of the present invention. 

Figure 14 is a perspective view of a segmented toroidal electrode used 
with the apparatus of the present invention. 

Figure 15 is a perspective view of a flexible probe used with the 
apparatus of the present invention. 

Figure 16 is a block diagram illustrating a feedback system useful to 
comrol the temperature of electrodes of the present invention. 

Figure 17 illustrates a circuit usefiil to implement the feedback system of 
Figure 16. 

DETAITFnt^P^^pjPTIi^^f 
As shown in Figure 1 . a thermal energy delivery apparatus 1 0 is 
configured to be positioned adjacent to, but spaced apart from a jpim surface. 
Included is a probe 12 with a distal end 14. a first dectrodc 22 and a second 
elearode 24. Elearodes 22 and 24 can be operated in bipolar or monopolar 
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surfaces. The preset invention is also used to treat irregulaffjomtsurfac^^ 
where there are peaks and valJeys, and create a less irregular joint surfece. In 
cenain embodiments, the irregular joint surface becomes a smooth joint surfece. 

A first phjraKty of cartilage strands 34 are coupled to first canilage bed 
30 and have become disliodged and dangle in joint surfecc 28. A second phirality 
ofcanibgesttands 36 are connected to second cartilage bed 32. SeoMid 
phirality of cartilage strands 36 have also become dislodged and dangle in joint 
surface 2S. 

In one embodhnent of tte invention, a method is provided that modifies a 
geometiy of a fibrillated cartilage surface. Sufficient thennal eneigy is delivered 
from first electrode 22 or second electrode 24 at differem tiroes to reduce a level 
of fibrillation of the fibrillated cartilage joint surface. In various embodiments of 
the invention, sufficient thermal energy is deBvered electrode 22 or 24 to. (0 
change the fibrillated cartilage sui^ to ii smooth or smoother suifiice, 00 
reduce a level of fibrillation of the fibrillated canilage surfice, (Bi) cause at least 

a portion of a plurality of cartilage strands coupled to the fibrillated cartilage 
surface to create a smoothencd cartilage surface, (iv) cause at least a portion of a 
plurality of cartilage strands coupled to the fibriflated cartilage surface to melt 
onto the fibrillated cartilage suifece or (v) meh at least a portion of a plurafity of 
cartilage strands to create a smoothened canilage sur&ce: 

First elearode 22 has a first thennal energy deliveiy surface configured 
to deliver thermal cneigy to canilage strands 34 and second electrode 24 has a 
second thennal energy deUvay surfece configured to deliver thennal energy to 
cartilage strands 36. Thennal eneigy includes but is not limhed to RF, 
microwave, resistive heating, uhnisound, coherent or incoherent light and a 
thennal jet source, By delivering the appn)priate amount of thennal energy to 
joint suifece 28, strands 34 and 36 move out of joint sujfece 28 and the surfeces 
ofcartilagebeds30and32 aresmoothened. Additionally, delivered thennal 
energy can remove some or substantially all of cartilage strands 34 and 36 from 
joint surface 28 The dehveiy of thennal energy plq^cally smooths the surface 
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elearodes 22 and 24. Distal end 14 can pivot, be hinged, be aniculated. or made 
of a shaped memciy ttwial. and the like, in order to enable first and second 
electrodes 22 and 24 to follow the contours of joint surface 28 

As shown in Figure 5. first and second electrodes 22 and 24 can be 
operated in a bipolar mode. This concentrates the How of RF energy between 
first and second electrodes 22 and 24 and diverts direct RF energy flow away 
from canilage beds 30 and 32. RF energy which is directed between first and 
second electrodes 22 and 24 heais up fluids within joint surface 28 and provides 
a more controlled deliveiy of energy to cartilage strands 34 and 36. RF ablation 
of cartilage beds 30 and 32 is reduced. 

First and second electrodes 22 and 24 can have a variety of different 
geometric configurations. As illustrated in Figure 6. first and second electrodes 
22 and 24 are symmetrically shaped with radiused edges Elimination of sharp 
edges at an electrode surface reduce the creation of hot spots of thermal energy 
delivered to a site. In Figui-e 7. first and second electrodes 22 ami 24 have 
rectangular geometries with non-radiused edges. First and second electrodes 22 
and 24 can each have different sizes and geometries. Fir« and second dearodes 
22 and 24 can be mirror images of each other or they can be different. 

Referring now to Figure 8. first and second electrodes 22 and 24 are 
formed on a periphery of insulation surfaces 18 and 20 respectively. In this 
embodiment, each electrode 22 and 24 defines a first and a second non- 
conducing region 38 and 40 on an insulator surface 18 and 20 within an interior 
of firs, and second electrodes .8 and 20. Non-conducring regions 38 and 40 can 
be the actual surface of insulator 16, or may be additional stnictures. each with a 
non-conducting surfece. that are formed on insulation surfaces 18 and 20. 

First and second sensors 42 and 44 can be provided and associated with 
first and second electrodes 22 and 24 to measure temperature and/or impedance 
First and second sensors 42 and 44 are positioned on a surface of first and 
second elearodes 22 and 24. on a surface of probe 12. on non-conducting 
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cartilage Strands 34 and 36. A monitor 56 ascertains tissue impedaircc; based on 
the energy delivered to tissue, and compares the measured impedance vahie to a 
set vahie. If the measured impedance exceeds the set value a disabling signal 48 
is trananitted to thermal energy source 26, ceasing further delivery of thermal 
energy to first and second electrodes 22 and 24. If measured impedance is 
within acceptable limits, energy continues to be applied. During the application 
of thermal energy to cartilage strands 34 and 36, sensor 42 measures the 
temperature at the surface of sensor 42. A coinparator 50 receives a signal 
representative of the measured temperature and compares this vahie to a pre-set 
signal representative ofthe desired temperature. Comparator 50 sends a signal 
to thermal energy source 26 to continue sending Uiwmal energy, to increase or 
decrease the levd of delivered thermal energy, or to cease deBvciy of thermal 
energy. 

An output 52 from temperature comparator 50 can beinput to thermal 
energy source 26 to regulate the amount of power delivered. Output 54 torn 
impedarice monitor 56 can be input to control the temperature at joint surface 

28: 

Refming now to Figure 17, thermal energy source 26 is coupled to first 
and second electrodes 22 and 24 and apply a biologically safe voltage to 
cartilage strands 34 and 36. In the embodiment illustrated in Figure II, 
apparatus 10 is represented as a bipolar ablation device. First and second 
electrodes 22 and 24 are connected to a primary side of transfonner wmdings 58 
and 60, The common primary windings 58 and 60 are magn€^cally coupled with 
a transformer core to secondary windings 58' and 60*. 

The primary windings 58 of the first transformer t, couple the output : 
voltage of apparatus 10 to the secondary windings 58\ The primary windings 60 
ofthe second transformer t, couple tiie output current of ablation apparatus 10 
to the secondary windings 60*. 

Measuring circuits determine tiie root mean square (RMS) values or 
magnitudes of tiie current and voltage. These vahies, represented as voltages, 
are inputted to a diving circuit D to geometrically calculate, by dividing Uie RMS 
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7 The apparatus of claim J . wherein the first and second el wnrode 
means are configured lo nrrinimize damage to a canilage bed underlying the 
fibrillaied caniJage surfece. 

8. The ^paratus of claim 7, farther comprising: 

a sensor means positioned at the distal end of the probe means. 

9. The apparatus of claim 1 . farther comprising; 

a thermal energy source means coupled to the cabling means. 

10. The apparatus of claim L wherein the thermal energy source is 
selected from RF. microwave, resistive heating, ultrasound, coherent or 
incoherent light and a liquid thermal jet. 

1 1- The apparatus of claim K wherein the distal end of the probe 
means is sized to comract a joint. 

12. The apparatus of claim I, wherein the distal emi of the jrobe 
means is sized to comract an articulated joint. 

13. The apparatus of claim 9, farther comprising: 

a sensor means positioned at the distal end of the probe means; 

a comparator means configured for comparing a measured temperature 
value at the sensor means with a predetermined temperature value and 
generating a disabling signal if the measured temperature value exceeds the 
predetermined maximum temperature value; and 

a communication means for conununicating the disabling signal to.the 
thermal energy source means to cease farther detivery of energy from the 
thermal energy source means to the first electrode means. 
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17. The apparatus of daim 1 6. fiinher comprisihg: 

a thermal energy source means coupled to the first electrode means. 

1 8. The apparatus of claim 1 7. wherein the thermal energy source is 
selected from RF. microwave, resistive heating, ultrasound, coherent or 
incoherent light and a liquid thermal jet. 



19. The apparatus of claim 1 7. wherein the thermal energy source 
means is coupled to the second electrode means 

20. The apparatus of claim 1 6. wherein the distal end of the probe 
means is sized to contract a jpini. 

21. The apparatus of daim 16, wherein the distal end of the probe 
means is sized to conuract an articulated joim. 

22. The apparatus of claim 16; wherein the first elearode means is 
formed on a periphe^r of a first surface of the insulator and defines a first non- 
conducting region between the first electrode means. 

23. The apparatus of claim 22. wherein the second electrode means is 
formed on a periphery of an opposing second surface of the insulator means and 
defines a second non-conducting region between the second dectiode means 

24 . The apparatus of claim 16. wherein the first electrode means has a 
toroidal geometry defining a first non-conducting interior region. 

25. The apparatus of claim 1 6. wherein the first electrode means has a 
non-circular toroidal geometry defining a first non-conducting imerior region. 
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34. The apparatus of cJaim 22^ wherein a first sensor means is 
positioned at the first non-conducting interior regioa 

35. The apparatus of claim 23, wherein a second sensor means is 
positioned at the second non-conducting interior region 

36. The apparatus of claim 16, wherein at least a ponion of the probe 
means is malleable. 

37 The apparatus of claim 1 6, wherein the first and second electrode 
means operate in a bipolar mode. 

38. The apparatus of claim 16, wherein the first and second electrode 
means operate in a monopolar mode. 

39. The apparatus of claim 1 7, further comprising: 

a sensor means positioned at the distal end of the probe means; 

a comparator means for comparing a m^sured temperature value at the 
sensor means with a predetermined temperature value and generating a disablii^ 
signal if the measured temperature value exceeds the predetermined maximum 
temperature value: and 

a commimication means for communicating the disabling signal to the 
thermal energy source means to cease further delivery of energy from the 
thermal energy source means to the first dectrode means. 

40. A method for modifying a geometry of a f9>rillated cartilage 
surface, comprising: 

providing a thennai energy delivery device including a probe means with 
a distal end and a thermal energy ddivery surface'; 



- 19- 



W09SUD746S 

PCm}»7/I3M4 



47 The method of claim 40, further comprising: 
measuring a temperature of an area adjacent to the fibrillated cartilage 
surface with a sensor; 

comparing a measured tempeiature at the area adjacert to the fibrillated 
caniUge surface to a predetermined temperature value and generate a signal 
representative of a difference between the measured temperature and the 
predetermined temperature value; and 

transmitting to the thermal energy source a signal to cease fiirther 
thermal energy delivery if the measured temperature exceeds the predetermined 
temperature. 



48. The method of claim 40. wherein the thermal energy source is an 
RF source. 



49. The method ofclaim 40. wherein the thermal energy source is a 
microwave source. 



50. The method of claim 40. wherein the thermal energy source is a 
resistive beating source. 



51. The method of claim 40. wherein the thermal energy source is an 
ultrasonic source. 



52. The method of claim 40. wherein the thermal energy source is a 
coherent or incohereiit light source. 

53. The method of claim 40. wherein the thermal energy source is a 
liquid thermal jet source. 
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59. The m^od of claim 58, wherein a meiting of at l^asi a portion of 
a plurality of caniiace strands creates a smoothened canilage joint surface. 

60. The niethod of claim 54, wherein the thermal energy delivery 
surface remains distanced from the ftbrillated cartilage joint sur&ce. 

6L The method of claim 54, further comprising: 

measuring a temperature of an area adjacent to the fibrillated cartilage 
joint surface with a sensor, 

comparing a measured temperature at the area adjacent to the fibrillated 
cartilage joint surface to a predetermined temperature value and generate s signal 
representative of a difference between the measured temperature and the 
predetermined temperature value; and 

transmitting to the thermal energy source a signal to cease further 
thermal energy delivery if the m^isured temperature eixceeds the predetennined 
temperature. 

62. A m^bpd for treating choiKlromalacia on a joint surface, 
comprising: 

providing a thermal energy delivery device inchidihg a prcri>e means with 
a distal end and a thential energy delivery surface; 

providing a thmnal energy source coupled to the thermal energy delivery 
surface; 

positioning the thermal energy delivery surface on a fibrillated cartilage 
joint surfece; and 

delivering sufficient thermal energy from the thermal energy delivery 
device to reduce a level of fibrillation of the fibrillated cartilage joint surface, 

63. A method for treating chondromalacia on a joint surfece, 
comprising: 
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